Purpose Symbolic plants and animals are recognised as a cultural ecosystem service (CES), which is still underrepresented in ecosystem services assessments. Thus, this study aims at identifying and mapping important symbolic species in the European Alps, which are of cultural significance to large parts of the Alpine population. Methods Symbolic species were identified by ten expert groups, and their use was assessed in a qualitative way. The spatial distribution of all species across the Alpine Space area was mapped at the municipality level. Through hotspots analysis, we identified spatial patterns in the distribution of species. Spearman correlation was used to evaluate the relationship between symbolic species and selected environmental and social variables. Results Ten species were identified (edelweiss, gentian, alpenrose, larch, pine, Alpine ibex, chamois, marmot, brown bear, and golden eagle) that are widely used for symbolic representations, i.e., depiction on flags, emblems, logos, and naming of hotels and brands. Hotspots of symbolic species were found in several locations in the European Alps and could be related to high elevation, steep slopes, open land cover, and naturalness. Conclusions This study proposes a methodology to map and assess symbolic species as a CES. As the spatial distribution of symbolic species depends on environmental characteristics and human activities, our results provide important insights for landscape planning and management. However, it remains unclear whether associated cultural values depend on the presence of the species and further research is needed to understand the relationships between the distribution of symbolic species and social benefits.
Introduction
Plant and animal species are incorporated in many ways in human culture representing religious, social and political beliefs as well as society's values (Castells 2011) . They contribute to the shaping of peoples ' emotions, experiences, thoughts, values, and cultural identity (Kellert and Wilson 1995) . Accordingly, the cultural importance of species is reflected in art, literature and language, mythology and religion, music, politics and world events, among others (Grabherr 2009; Malamud et al. 2007; Manning and Serpell 1994; Shoemaker 1994) . Plants and animals can hold a great symbolic value for a particular place through social and political developments, representing the cultural identity and heritage of the people at the local, regional, or national level, and are recognisable to people from other places (Forristal et al. 2014; Urbanik 2012) . The edelweiss that is a wellknown mountain flower, for example, is closely associated with the European Alps; it is used by the tourism industry for promoting Alpine tourist destinations, it appears in Alpine folklore, and some enterprises or products carry its name (Dweck 2004) .
The cultural significance of symbolic plants and animals relates to environmental, social, and economic contexts in different ways. In some cases, people associate certain attributes or ideas with symbolic species; for example, the bald eagle was adopted as the national bird symbol of the United States of America and many Americans relate to its qualities such as beauty, power, and long life (Lawrence 1990) . Symbolic species, which were chosen as national symbols, are often represented on flags or emblems, such as the maple leaf on the flag of Canada, the quetzal on the flag of Guatemala or the grey crowned crane on the flag of Uganda. In other cases, plants or animals have become symbolic of a specific region playing a significant role in the livelihood of the population; for example, the olive tree is emblematic of the Mediterranean regions, as it has shaped the cultural landscape for centuries and still constitutes the primary source of livelihood for many people (Loumou and Giourga 2003) . The perceived values of a particular species depend greatly on the use and may change over time. The Alpine ibex, for example, has been a source of traditional medicine and a valuable trophy until its extinction in the early modern age in most parts of the Alps due to hunting (Hitz 2010) . After its reintroduction during the last century, it is admired for its strength and wiriness and symbolises the Alps with their steep slopes and harsh environmental conditions.
The attributes that are associated with symbolic species may be used to promote products of industrial enterprises or artisanal businesses by selling a certain image or feeling, such as colourful tropical birds that may represent an exotic, luxurious, or unconventional way of life (Anderson 2010) . As specific species are representative for certain regions or convey particular emotions, they are also of great importance to the tourism industry for promoting certain tourist destinations such as national parks (Newsome and Hughes 2016) . For example, the 'Big Five' animals (lion, leopard, buffalo, elephant, and rhino) are often used as characteristic species to promote sub-Saharan Africa to wildlife tourists (Williams et al. 2000) . In the European Alps, different symbols has been used to promote mountain destinations since the beginning of tourism; for example, the edelweiss, as a symbol for alpinism (Grabherr 2009 ), or cows representing the Swiss mythos of the idyllic world, a traditional alpine landscape, with values such as innocence, peacefulness, naturalness, and calmness (Nyffenegger 2013) . Wild animals, such as marmot, Alpine ibex or bear, which symbolise the rediscovery of the wild nature, appear only after the 1970s on advertisements for destination marketing (Roth 2010) .
Due to their cultural significance, symbolic species may be adopted to represent environmental or social issues, and conservation projects often use them as flagship species (Jepson and Barua 2015) , although it is greatly debated whether their habitats and cooccurring species really benefit from conservation efforts focusing on flagship species (Brambilla et al. 2013) . Nevertheless, the role of symbolic species in tourism may help to financially support the conservation of these species and their habitats (Naidoo et al. 2016; de Pinho et al. 2014) , as people are willing to pay more for the conservation of animals if they could observe them in their natural environment (Tisdell and Wilson 2001) . Conservation actions often focus on certain species (keystone species), as the importance of these species for the functioning of ecosystems has long been recognised (Mills and Doak 1993) . Recently, studies have expressed also the need to include cultural values and preferences into conservation efforts by identifying cultural keystone species, i.e., species with a powerful role in society and that are symbolic for the cultural identity of a community (Garibaldi and Turner 2004; Poe et al. 2014) .
In summary, the cultural values of symbolic species are important in many ways for people and societies. Hence, 'symbolic interactions with biota, ecosystems, and land-/seascapes' are included in the Common International Classification of Ecosystem Services (CICES) (Haines-Young and Potschin 2013) as a cultural ecosystem service (CES), providing the nonmaterial benefits originating from interactions between humans and ecosystems (Chan et al. 2012; Fish et al. 2016) . Numerous studies on ecosystem services, have emphasised the ecological and economic value of plant and animal species as part of the natural environment (Gascon et al. 2015) , but only few studies included their symbolic significance as a CES (e.g. Cáceres et al. 2015; Gee and Burkhard 2010; Hooper et al. 2017; Sutherland et al. 2016; Wangai et al. 2017 ). In the light of increasing exploitation rates, massive land-use/cover transformations, and accelerating climate change, which are mainly responsible for the decline of species (Cumming et al. 2014) , evaluating CESs, and the knowledge about their spatial distribution in particular, can support their integration in landscape management and foster conservation efforts (Poe et al. 2014; Raymond et al. 2013) . Preserving symbolic species helps to maintain associated cultural values; however, about a third of the animal species used as national symbols worldwide are classified as ''at risk'' (Hammerschlag and Gallagher 2017) and the conservation status of most plant species used as national symbols is even unknown (Feeley 2017) .
Thus, this study aims at mapping the spatial distribution of the CES 'symbolic species' and evaluating spatial patterns using landscape indicators. Here, we focus on wild plant and animal species that are symbolic to large parts of the Alpine population, not including domesticated animals such as cows, dogs and sheep, which may also be of great cultural significance but have already been addressed recently by Marsoner et al. (2017) . Firstly, symbolic species and their symbolic use are identified. Secondly, symbolic species are mapped at the landscape scale and aggregated to the municipality level. Thirdly, spatial relationships between symbolic species and environmental as well as social variables are analysed to reveal spatial structures and patterns. Based on the findings, the paper discusses this CES with regard to landscape planning and conservation and indicates open issues in research on symbolic species.
The methodological approach is applied to the Alpine Space area, focusing on the European Alps, which are rich in flora and fauna. Further, this area comprises different European cultures for which symbolic species contribute to a common Alpine cultural identity and heritage, i.e. the different Alpine populations associate similar values with this specific mountain area as environment and life conditions are rather comparable within the different regions of the European Alps, but which differ greatly from the surrounding lowlands. Here, we define symbolic species according to the CICES as 'plants and animals that are considered as emblematic or charismatic for the European Alps; these symbolic species form part of the cultural identity and heritage of the Alpine area and represent its nature to people inside and outside the Alps'. We always use the term symbolic, synonymously to charismatic, emblematic, and iconic.
Materials and methods

Study area
The Alpine Space Programme cooperation area comprises the European Alps with the surrounding foothills and lowlands. Covering a surface of about 390,000 km 2 , it includes Austria, Liechtenstein, Slovenia, and Switzerland, as well as several regions of France, Germany, and Italy (Fig. 1) . The Alpine Space area contains 17,042 municipalities with a mean size of 22.77 km 2 . About 70 million people live mostly in large cities in the adjacent lowlands (Dematteis 2009 ), whereas the mountainous zone is one of the most important global tourist destinations, with about 500 million visitors a year (Bartaletti 2007) . The European Alps, comprising a great variety of ecosystems and landscapes, are home to many plants and animals of symbolic meaning, such as edelweiss, gentian, Alpine ibex, marmot, and golden eagle, which are depicted on flags, coins, and tourism brochures and used as names or logos for associations, hotels, restaurants, and brands (Fig. 2) .
Identifying symbolic species and their use To identify symbolic plants and animals for the European Alps, we first collected opinions from ten expert groups of different Alpine regions (two in Austria, one in Germany, one in France, four in Italy, one in Liechtenstein, and one in Slovenia), which represented in large part the variety of the different cultures of the study area. All participants were Landscape Ecol (2018) 33:711-730 713 knowledgeable about the ecosystem services concept, as they have collectively collaborated on a common understanding in the Alpine space area and are working on or implementing the ecosystem services concept within their territories. Thus, the expert groups differentiated from lay people through a high level of expertise in ecological and environmental sciences. The ten groups were broadly gender-balanced (55% men and 45% women) and covered different age groups between 25 and 60 years. Table S1 of the supplementary material reports all participating experts. The experts were asked to list all plants and animals that they considered as symbolic for the study area without further limitations (e.g., wild or domesticated species). After ranking the resulting species by their number of entries (Appendix Table A1 ), we selected those species that were indicated by at least three expert groups to define symbolic species that are representative for large parts of the Alps and not only for some regions. We also crosschecked whether the groups came at least from two different countries to assure the significance of the identified species for different cultures.
To verify whether the selected species were currently used in the Alpine region as symbols, we carried out a screening of websites, using the common names of the selected species in different Alpine languages (French, German, Italian, and Slovenian) as well as regional dialects. We defined a symbolic use when at least 30 symbolic representations (pictures, names) of the selected species existed in different locations of the study area. We included depictions on flags, coins, souvenirs, logos and names of brands, organisations, associations, hotels, and restaurants, as these representations carry socio-cultural values and document the cultural identity of a specific place (Hammerschlag and Gallagher 2017; Malamud et al. 2007; Nyffenegger 2013; Roth 2010) . We thereby concentrated on current visual and verbal representations of the selected symbolic species, disregarding appearance in literature, music or folklore, as many of such representations originated during the last century or earlier and the significance to the present generation is unclear. Finally, we collected examples of symbolic use for each species.
Mapping symbolic species
We mapped the spatial distribution of symbolic species similarly to studies using or proposing indicators for other CESs (Burkhard et al. 2014; Szücs et al. 2015; Graves et al. 2017) . The distribution of plant and animal species in the study area was derived from actual distribution maps of the individual species or by modelling their potential habitat if the former were not available ( Table 1 ). The presence (1) or absence (0) of each species was mapped in a raster map with a spatial resolution of 100 m. Given the great scale of the study area and in order to carry out further analyses using data (population, tourists) that referred to administrative boundaries, two quantitative maps for the Alpine Space area were created at the municipality level. The first map, indicating the total number of different symbolic species within each municipality, was derived by testing whether each individual species occurred within the municipality and counting all occurring species. The second map, depicting an areaweighted index, was obtained by summing the areaweighted mean values of the different species within each municipality and rescaling them to 0-1.
Analysing spatial distribution of symbolic species
As the distribution of the selected symbolic species was mainly concentrated in the European Alps, the following analyses were carried out only for the mountainous core area of the Alpine Space area, using the delimitation by the Alpine Convention, which is an International treaty aiming at the protection and sustainable development of the Alps (Ruffini et al. 2004) (Fig. 1) . For all analyses, we used the areaweighted index at the municipality level. To measure whether the spatial pattern of the symbolic species as well as the individual species is a clustered, dispersed, or random spatial pattern, we calculated spatial autocorrelation using Moran's I measure (Moran 1950) , which accounts for both locations of municipalities and CES values. To identify statistically significant hot and cold spots of municipalities with either high or low values, we used the Getis-Ord Gi* statistic (Getis and Ord 1992) . All analyses were carried out in ArcGIS 10.4 using the Spatial Statistics extension.
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Results
Symbolic species
Five symbolic plants and five symbolic animals were identified for the European Alps (Table 3) selected from a total of 29 identified plant and 23 identified animal species (Appendix Table A1 ). The selected species were used in many symbolic ways, ranging from depiction on flags, coins, emblems, and logos to naming of hotels, restaurants, brands, and political parties. The following results relate only to the mountainous core area as delimitated by the Alpine Convention, as the distribution of symbolic species was mainly concentrated in the European Alps (Fig. 3) . A high positive Moran's I indicated a high spatial clustering of symbolic species (Table 4) . Hotspots were located (Fig. 3) . The maps illustrating the distribution of the individual species reveal an uneven distribution of several species across the Alps (Fig. 4) ; for example, the brown bear was present only in the Southeastern Alps, whereas the Alpine ibex was more frequent in the Western, Northern, and Central Alps. The distribution of some species (e.g., brown bear, chamois, and larch) was spatially clustered; other species were rather evenly distributed (e.g., edelweiss and Alpine ibex) over the Alps (Table 4) . The correlation analysis revealed strong positive relationships of symbolic value with elevation, slope, open areas, and naturalness, whereas scrub/herbaceous vegetation, glaciers, protected areas, and tourists showed weak but positive correlations (Table 5) . Except for urban green, forest, and water, which were not significantly correlated to symbolic species, all other variables had negative effects on the symbolic value, in particular arable land, heterogeneous agricultural areas, and residents. Although the direction of the relationships for individual species was generally in line with that for the total symbolic value, the strength roughly coincided for alpenrose, gentian, edelweiss, chamois, and marmot, but differed considerably for larch, pine, brown bear, and eagle.
Discussion
In addition to their ecological and economic value, plant and animal species have frequently been used as symbolic representations of national as well as regional identity or as flagship species (Gascon et al. 2015; Shoemaker 1994) . In this study, we contributed to the mapping and understanding of symbolic species as a CES, focusing on selected symbolic species in the European Alps. Our analysis revealed a wide range of symbolic uses of the identified plants and animals, ranging from depiction on flags, coins, emblems, and logos to the use of their names for associations or brands. Our collection of examples of use highlights the cultural importance of symbolic species for the Alpine countries, even though there seem not be a direct relationship between the product and the label. For example, the naming of enterprises such as the Swiss charter airline ''Edelweiss'' or the Austrian traditional fashion label ''Steinbock'' may rather represent a certain location or refer to the values associated with the symbolic species. The spatial distribution of symbolic species provides an important information basis to integrate symbolic species into landscape management, as it puts the cultural values associated with natural landscape elements into a transdisciplinary framework, facilitating ecological and social science communication. Our spatial analysis related landscape and social characteristics of municipalities to specific symbolic species, but further research is needed to adequately account for CESs in decision-making at the overlap of social values and ecological functioning.
Methodological considerations
The selected symbolic species are intended to be representative for the entire Alpine region and their population, but other species might be of greater b Fig. 3 Distribution of symbolic species in the Alpine Space area at the municipality level: a total number of different species within each municipality, b area-weighted index (area-weighted mean values of each individual species were summed up and are rescaled to 0-1). The white line indicates the delimitation of the European Alps by the Alpine Convention importance at the local scale or symbolic to specific social groups such as farmers or tourists. Some species are not only 'Alpine' species; for example, bear and eagle are used all over the world as symbols due to their characteristic attributes such as power and strength. Furthermore, we concentrated on wild species, as no expert group indicated domesticated animals as symbolic, but domesticated animals such as cows, sheep, goats, or the Saint Bernard dog are also characteristic of the European Alps (Marsoner et al. 2017 ) and often used on tourism brochures and souvenirs (Nyffenegger 2013) . Hence, our results may be constrained by the selection of the symbolic species. To obtain a more representative selection of symbolic species, expert groups should be include a variety of experts in different environmental and social sciences. Broad surveys involving residents and tourists can further uncover the cultural and social importance of species. The spatial distribution of symbolic species was mapped using large-scale distribution maps or simple spatial models to locate potential habitats. Specific local environmental conditions and variations across the Alpine Space area could therefore not be considered, and the study does not claim to precisely predict species occurrences or to quantify their densities. Nevertheless, the resulting maps indicate the probable existence of symbolic species at the municipality level for the entire Alpine Space area, which were not available in this form in the past. They are useful to evaluate the spatial pattern of this CES at a large scale and to provide some insights into the relationships between symbolic species and environmental as well as social variables through correlation analysis. Indeed, our spatial analysis revealed that hotspots of symbolic species can be explained by topography and (semi-)natural land cover, whereas high levels of human presence and intensively used agricultural areas reduced the presence of symbolic species. The less strong relationships among larch, pine, brown bear, and eagle with environmental and social variables may originate from their concentration on few regions within the study site. Moreover, the great spatial scale and the low number of available social variables may limit our results of the correlation analysis. Further research on smaller spatial scales and applying more sophisticated analyses methods could provide deeper insights into causal relationships between symbolic species and ecological and social conditions. This study focused on a single CES to advance the understanding of this specific cultural service. To operationalise ecosystem services for landscape management and enhance environmental policy and strategies, the relationships with other ecosystem services should be analysed, including social and cultural benefits that are inseparably connected to provisioning, regulating, and cultural services (Klain et al. 2014) . People often perceive these indirect benefits equally valuable to direct benefits (Asah et al. 2014) and their integration are of particular importance for conservation projects, increasing trust and collaboration on the one hand, and reducing conflicts and resilience on the other hand (Poe et al. 2014) . In general, the incommensurability of cultural values needs to be overcome to support decision-makers with valuable information (Plieninger et al. 2015) .
Maintenance of symbolic species and associated values
The value of symbolic species may depend on the existence of the selected species, although the species' rareness and inaccessibility of its habitat might increase its mythos, i.e., the meaning for a particular cultural area, as in the case of edelweiss (Dweck 2004) . The symbolic value can persist in case of extinction (e.g., dodo as national symbol of Mauritius) or emerge with changing cultural preferences and values (e.g., edelweiss outran other charismatic plants of the European Alps with the development of tourism (Grabherr 2009; Roth 2010) ). Our results revealed only a weak positive correlation between tourists and symbolic species, which may indicate the importance of the presence of symbolic species to attract tourists (Newsome and Hughes 2016), but visual representations of symbolic species are often used to sell the idea of a certain place even though the species may not be present in the promoted area. Accordingly, many examples of symbolic use are linked to tourism, e.g., names of hotels and restaurants as well as Alpine souvenirs. Although certain types of outdoor recreation such as wildlife watching rely on the presence of the species, for example in sub-Saharan Africa (Williams et al. 2000) , organised wildlife watching tours are rather unimportant in our study area. Hence, there is little evidence that symbolic values depend on the presence of the species in our case. Nevertheless, we argue that it is important to safeguard symbolic species and related cultural values to manage successfully social-ecological systems on the long-term (Noble et al. 2016) . Symbolic species are emotionally significant to many Alpine residents, but they may be vulnerable to global change and their extinction may affect their symbolic meaning. In the following, we therefore discuss major threats and opportunities to preserve the selected symbolic species in the Alps.
The identified symbolic species are classified as least concern in the IUCN Red List of Threatened Species (IUCN 2017), but categories differ between countries; for example, the brown bear is considered critically endangered in Italy (Rondinini et al. 2013) , vulnerable in Austria (Spitzenberger 2005) , and extinct in Germany (Ludwig et al. 2009 ). Moreover, the presence of symbolic species in the European Alps was not always secure. For instance, the Alpine ibex was almost exterminated due to over-hunting, and present populations have been reintroduced during the past century . The reintroduction of large carnivores such as the brown bear is particularly challenging because of habitat needs and conflicts with humans (Peters et al. 2015) , and hunters and farmers may undermine conservation projects (Kaczensky et al. 2011) . In these cases, the symbolic significance of these species may provide a valuable argument for supporting their protection in specific locations.
The biggest threat to symbolic species in the European Alps are human disturbance and land-use change (Chemini and Rizzoli 2014) . Our spatial analysis indicates that exploited landscapes negatively affect the presence of symbolic species, reflecting the similar relationships between land use and general plant species richness (Zimmermann et al. 2010) . In contrast to overall species richness, which decreases with elevation (Körner 2003) , most symbolic species concentrate on high mountain areas, which are less influenced by human presence. Hence, conservation efforts focusing only on symbolic species will not successfully protect other ecological important species.
To protect symbolic species from the disturbance of human recreational activities such as climbing, paragliding, snowmobiling, and helicopter activities, important tourist destinations that are located in areas with a high index of symbolic species should adopt an improved visitor management (Marion 2016) . Recreational activities affect, for example, the nesting of golden eagles (Chamberlain et al. 2016; Pedrini and Sergio 2002) or force chamois to flee to forests and causing energy loss (Schnidrig-Petrig and Ingold 2001) . Further, increasing tourism and expansion of infrastructure to reach more remote places may increase collection of edelweiss and gentian (Dweck 2004) .
Land-use changes in the European Alps are twofold: intensification of agricultural use and urbanisation in favourable areas such as valley bottoms and abandonment of alpine and subalpine grassland with subsequent forest regrowth Price et al. 2015) . Both developments cause habitat loss, as many symbolic animal species require natural open areas for foraging (Armitage 2013; Pedrini and Sergio 2002) . As our results suggest, this is especially true for Alpine ibex, chamois and marmot. Forest regrowth decreases suitable habitat for Alpine flowers that grow mostly on subalpine and alpine open grasslands (Francon et al. 2017; Ischer et al. 2014) . Moreover, altered management practices of grassland such as increased grazing and the use of manure and fertiliser lead to a decline of plant species (Bassin et al. 2012) . Urbanisation is a further limiting factor for animal species that need large habitats, such as brown bear (Ordiz et al. 2011) . Indeed, our maps indicate that current distribution of brown bear in the Alps is concentrated on areas with low population density.
In the future, land-use change and climate change will have mixed impacts on the focal species of this study (Bürgi et al. 2017; Tasser et al. 2017) . Rising temperatures may force animals to move upwards to smaller habitats (Mason et al. 2014) , which applies in particular for species for which we found a strong relationship with elevation such as chamois and marmot. Some species such as marmots are further sensitive to droughts and earlier snowmelt (Armitage 2013) . Rising temperature may result in an upward shift of vegetation zones (Niedrist et al. 2016 ) and threatens cold-mountain habitats, which will become climatically unsuitable (Dullinger et al. 2012) . Edelweiss, rhododendron, and gentian could therefore be at risk at lower elevations (Grabherr 2009 ), limiting their presence to few isolated regions of the Alps. Some plant species (e.g., rhododendron, larch and pine) might benefit from rising temperatures because of more favourable climate conditions, especially at or Landscape Ecol (2018) 33:711-730 725 above the treeline (Francon et al. 2017; Vittoz et al. 2008) . Hence, decision makers should incorporate the assessment of CESs to integrate landscape management plans. Attention should be paid to managing the landscape and the ecosystems in a way that preserves suitable habitats for symbolic species in order to safeguard related cultural values such as cultural identity and heritage. Maintaining natural environments and applying sustainable management practices also support other CESs, such as aesthetic , recreational (Gios et al. 2006) , and spiritual values (Zoderer et al. 2016) . In order to maintain the richness of the habitat and ecosystem structure of the Alpine Space area, a well-coordinated conservation strategy is needed. Our distribution maps can provide a basis to develop suitable transnational strategies, as they indicate hotspots of symbolic species. Here, we assessed the current distribution of symbolic species, but research gaps on potential future dispersion rates need to be conducted to inform the conservation of these prominent species and, at the same time, to foster the sustainable development of the area.
Future research directions
Increasingly, studies differentiate between supply, demand, and actual use (flow) of ecosystem services (Burkhard et al. 2014; Villamagna et al. 2013 ). This study focused on the spatial assessment of the supply side of symbolic species and exemplified their use, but further research should address social demand as well as spatial patterns of use to evaluate this CES in a more comprehensive way. We selected symbolic species based on expert opinions, but surveys could be used to assess the demand of the Alpine cultures for specific species, providing insights on their importance for the Alpine population with regard to cultural identity and heritage or tourism. Surveys could also reveal differences in social perceptions and preferences between tourists and residents, as well as the meaning of symbolic species for the selection of holiday destinations. The actual use of symbolic species was demonstrated qualitatively here based on examples of use across the study area. Together with the distribution maps of this study, a spatial assessment of the actual use could foster the understanding of the spatial relationships between their (former) presence and use.
The limitations of the present mapping exercise are within the intersection of societal values and ecosystems. While we link symbolic associations to ecosystems in a clear broad framework, more research is needed on how the cultural and the ecosystem plane interact in detail (Castells 2011; Kellert and Wilson 1995) . The exact linkage between ecosystem functioning and symbolism remains blurry and would greatly benefit from further research, including the development of the symbolic associations with ecosystems to the correlation between the need of protection and symbolic value.
Symbolic values may also be related to landscapes or landscape features; for example, Mount Triglav, Slovenia's highest peak, is depicted on the flag of Slovenia. Unique landscapes such as the Dolomites, the Swiss Alps Jungfrau-Aletsch, and the Swiss Tectonic Arena Sardona are recognised as natural heritage sites by the UNESCO convention (UNESCO 2017), promoting sustainable regional development in addition to safeguarding these landscapes (Conradin and Hammer 2016) . The symbolic role of cultural landscapes (e.g., alpine pastures, larch meadows) needs to be further evaluated to support the maintenance of these landscapes and associated ecosystem services (Fontana et al. 2013; Schirpke et al. 2017) . Traditionally used landscapes were found to be hotspots of aesthetic, recreational, and spiritual values (Zoderer et al. 2016) , and the presence of symbolic species increases recreational opportunities (e.g., observing wildlife, nature photography, game) (Ament et al. 2016) .
Conclusions
This study provides a methodology to map and assess symbolic species as a CES, providing specifically insights into the spatial distribution of symbolic species in the Alpine Space area. Symbolic species contribute to the provision of cultural identity and heritage in the European Alps, and they are widely used for symbolic representations and names. Based on our spatial maps, transnational strategies can account for symbolic values and include them in managing the landscape and associated ecosystem services. Environmental characteristics and human activities shape the spatial distribution of symbolic species in the European Alps. However, our results revealed little evidence that the presence of symbolic species increases their cultural value, as we found only a weak positive correlation between tourists and symbolic species in our study area. Nevertheless, many examples of symbolic use were linked to tourism, which uses the visual representations of symbolic species to sell the idea of a certain place. Although it remains unclear whether the disappearance of symbolic species affects their symbolic meaning, species are vulnerable to global change and land-use policies and conservation projects should account for symbolic species and related cultural values. For example, the increasing demand for outdoor recreation might have negative effects on species distribution, if not adequately managed; at the same time, the tourism industry relies on these species for promoting Alpine tourist destinations. Our distribution maps and the examples of use of symbolic species can serve as a basis for considering these species in landscape planning and management, but future research is needed in order to deepen the understanding of the relationships between various types of ecosystem services and social benefits as well as cultural values and preferences.
